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SPECIFICATION 



TO. ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Akira Yamamoto, a citizen of 
Japan residing at: Kawasaki-shi, Kanagawa, Japan, Kazuhiro 
Takahara, a citizen of Japan residing at Kawasaki-shi , 
Kanagawa, Japan and Hiroshi Murakami, a citizen of Japan 
residing at Kawasaki-shi, Kanagawa, Japan have invented 
certain new and useful improvements in 



LIQUID CRYSTAL DISPLAY DEVICE 



of which the following is a specification 



TITLE OF THE INVENTION 

LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention generally relates to 
a liquid crystal display device, and more 
particularly to a liquid crystal display device 
having a panel of a peripheral circuit integrated 

10 type on which a peripheral circuit and a liquid 

crystal display part are integrally formed on a base 
2. Description of the Related Art 
illiquid crystal display panel is as small 
as a few inches and a relatively small delay of time 

15 due to the resistances of interconnection lines. 

Fig. 1 shows a conventional liquid crystal 
display device, which includes a substrate 10, a 
data driver 12, a gate driver 14 and a liquid 
crystal panel 16, 

20 The data driver 12 includes a shift 

register 18, display signal lines 30, a plurality of 
24-bit data buses (eight sets of R, G and B lines) 
22, a level shifter 24, and an analog switch unit 28 
A group 26 of control signals are applied to the 

25 level shifter 24. More particularly, the control 

signals are a start signal DS1 and two clock signals 
DCLK1 and DCLK2 externally applied to the shift 
register 18 via the level shifter 24. In response 
to the start signal DS1, the shift register 18 

30 starts to operate, and opens or close analog 

switches of the analog switch unit 28 by using the 
clock signals DCLK1 and DCLK2 . Display signals Rl, 
Gl, Bl, R24, G24 and B24 transferred over the 24 

display signal lines 30 are applied to the liquid 

35 crystal panel 16 via the data buses 22. 

The gate driver 14 is made up of a shift 
register 32, a buffer 34 and a level shifter 36. 



The shift register 32 receives a group 40 of control 
signals, which are a start signal GS1, and two clock 
signals GCLK1 and GCLK2 externally applied to the 
shift register 32 via the level shifter 36. In 
response to the start signal GS1, the shift register 
32 starts to operate, and output drive signals which 
serially specify data take-in positions by using the 
clock signals GCLK1 and GCLK2 . The drive signals 
are then applied to the liquid crystal panel 16 via 
the buffer 34. 

As shown in Fig. 2, the liquid crystal 
panel 16 is scanned from the left-hand side to the 
right-hand side. More particularly, the analog 
switches of the unit 28 connected to the leftmost 
24-bit data bus 22 are closed, and the display data 
Rl - B8 are written onto the leftmost 24-bit data 
bus 22. Then, the neighboring 24-bit data bus 22 is 
selected by closing the associated analog switches 
of the unit 28, and is supplied to the display data. 
The above operation is repeatedly carried out 100 
times . 

When the display data amounting to the 
first scanning line of the panel 16 extending from 
the shift register 32 has been sent thereto, the 
above display data is written onto the first 
scanning line. Thereafter, the display data is 
written into the 2400 data bus lines as described 
above, and the shift register 32 drives the second 
scanning line. In the above manner, the display 
data is written into the whole panel 16. 

The display data are supplied to the 24- 
bit data buses 22 one by one at the different 
timings. This method is called dot- sequential 
driving method. When the number of pixels of the 
panel 16 is equal to 800 x RGB x 60 dots, the 
frequency of the control signals 26 is equal to 40 
MHz. By dividing the frequency of 40 MHz by the 
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number of 24-bit data buses 22, each of the 24-bit 
data buses 22 is assigned 5 MHz (200 ns). It is 
thus required to complete the writing of display 
data onto the 24 bus lines (24 bits equal to 8 x 
RGB) within only 200 ns . Generally, when a compact 
panel has a size of a few inches and each line of 
the 24 -bit data buses 22 is made of aluminum, the 
bus line has a resistance of a few kilo-ohms and a 
capacitance of 10 pF. If each line of the 24 -bit 
data buses 22 has a resistance of 3 kQ , the time 
constant of the bus lines is equal to 3 kQ x 10 pF 
= 30 ns. Hence, if it is required to provide a 
charging time as long as five times the time 
constant of the bus 20 in order to settle the 24-bit 
data bus 22 with a sufficient margin, it is enough 
to write the display data onto the 24-bit data bus 
22 for about 150 ns. Hence, there is no problem. 

kowever, when the panel 16 has a large 
size of 10 inches or more, each line of the 24-bit 
data buses 22\ias a resistance of 10 kQ or more. 
Additionally, the resistance of the display signal 
lines 30 cannot b\ neglected. The resistance of the 
display signal linek 30 can be reduced if an 
increased number of Pines 30 is used, as shown in 
Fig. 3. The structureNshown in Fig. 3 employs 300 
display signal lines to Vhich display signals Dl - 
D300 are respectively appJSied. The display signal 
lines 42 can be driven by as, general-purpose data 
driver IC marketed. An increased number of display 
signal lines is used, the display data can be 
written onto the data buses 22\for a longer time. 
Hence, the width of each of the ^display signal lines 
4 2 can be reduced. However, the Yotal width of the 
display signal lines 42 is approximately equal to 
6.0 mm. This increases the size of\the peripheral 
circuits with regard — to Lhe panel 16 \ 

It may be possible to use an intermediate 
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number of display signal lines (for example, 100 
lines) in order to reduce the size of the peripheral 
circuits formed on the substrate 10. The 
intermediate number of display signal lines is 
driven by the general-purpose data driver IC. As 
the number of display signal line is reduced, the 
available write time is reduced. Hence, it is 
required to increase the width of each of the 
display signal lines. However, as the width of each 
of the display signal lines is increased, the cross 
coupling capacitance formed between each display 
signal line and the associated data bus line is 
increased. For example, if each of the display 
signal lines is 90 Mm wide and each of the data bus 
lines 22 is 5 Mm wide, the cross coupling 
capacitance is as large as 150 pF. Since the 
general-purpose data driver IC has a driving 
capability of approximately tens of pF , it cannot 
drive the 100 display signal lines. 

It can be seen from the above that it is 
required to reduce the cross coupling capacitance 
and the area on the substrate 10 occupied by the 
display signal lines. Unless the above requirements 
are satisfied, the liquid crystal display device of 
a large size does not have satisfactory performance. 



SUMMARY OF THE INVENTION 

It is a general object of the present 
invention to provide a liquid crystal display device 
in which the above disadvantages are eliminated. 

Tt^e above object of the present invention 
is achieved b^a liquid crystal display device 
comprising: a lrmiid crystal display panel; a data 
driver connected tbv the liquid crystal display 
panel; and a gate drr^er connected to the liquid 
crystal display panel. ^<Hie data driver being 
divided into a plurality of blocks, which 



iimultaneously supply the liquid crystal display 
pemel with display signals respectively supplied 
thereto. Hence, each of the blocks has a reduced 
number of display signal lines, which reduces an 
5 area for arranging the display signal lines. Hence, 
the crosV coupling capacitance can be reduced. 

BRIEF DESCRIPTION OF THE * DRAWINGS 

Other objects, features and advantages of 
10 the present invention will become more apparent from 
the following detailed description when read in 
conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a block diagram of a 
15 conventional liquid crystal display device of a dot 
sequential type; 

Fig. 2 shows a method of writing display 
signals in the conventional device shown in Fig. 1; 

Fig. 3 is a block diagram of a variation 
20 of the device shown in Fig. 1; 

Fig. 4 is a block diagram of an outline of 
a liquid crystal display device according to a first 
embodiment of the present invention; 

Fig. 5 shows a method of writing display 
25 signals in the device shown in Fig. 4; 

Fig. 6 is a block diagram of a liquid 
crystal display device according to a first 
embodiment of the present invention; 

Fig. 7 is a diagram of a block 7 2A shown 

30 in Fig. 6 ; 

Fig. 8 is a block diagram of a driver IC 
device shown in Fig. 6; 

Fig. 9 is a block diagram of a display 
signal supply device used in the first embodiment of 
35 the present invention; 

Fig. 10 is a timing chart of an operation 
of the display signal supply device shown in Fig. 9 
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and an operation of the driver IC device shown in 
Fig. 6; 

Fig* 11 is a diagram of an overall 
structure of the liquid crystal display device; 
5 Fig. 12 is a block diagram of a structure 

of the display signal supply device shown in Fig. 
12; 

Fig. 13 is a block diagram of a liquid 
crystal display device according to a second 
10 embodiment of the present invention; 

Fig. 14 is a block diagram of a display 
signal supply device used in the second embodiment 
. f 3 of the present invention; 

%Q Fig. 15 is a timing chart of an operation 

« 15 of the display signal supply device shown in Fig. 

SI 14; 

W Fig. 16 is a block diagram of a liquid 

crystal display device according to a third 
embodiment of the present invention; 
20 Fig. 17 is a block diagram of a liquid 

crystal display device according to a fourth 
embodiment of the present invention; 

Fig. 18 is a circuit diagram of a digital 
eight-bit latch circuit shown in Fig. 8; 
25 Fig. 19 is a circuit diagram of an eight - 

bit D/A converter shown in Fig. 8; and 

Fig. 20 is a cross-sectional view of a 
polysilicon transistor used to form a pixel on the 
liquid crystal display panel. 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 4 is a block diagram of an outline of 
a liquid crystal display device according to the 
present invention. In Fig. 4, parts that are the 
35 same as those shown in the previously described 
figures are given the same reference numbers. 

In the structure shown in Fig. 4, the data 
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driver 12 is divided into four blocks 46A, 46B, 46C 
and 46D, which respectively have 75 display signal 
lines 64A, 64B, 64C and 64D, and shift registers 48A, 
48B, 48C and 48D, and analog switch units 66, which 
5 components are integrally formed on the substrate 10. 
Hence, each of the blocks 46A - 46D requires an area 
having a reduced width of, for example, 1.5 mm for 
the 75 display signal lines. Each of the analog 
switch units 66 has 600 analog switches, which are 
10 corrected to corresponding data bus lines of a 75- 
bit data bus so that a plurality of analog switches 
are connected to one display signal line. 

Fig. 5 shows a method of writing display 
*g signals (Dl - D75) 62 into the display panel 16. 

fii 15 The blocks 46A - 46D simultaneously receive the 

^\ respective display signals having display signals Dl 

][y - D75, and simultaneously perform the write 

•3 operation thereon. In each of the blocks 46A - 46D, 

7* the display signals DO - data D75 are simultaneously 

o 20 written into the 75 signal lines at once. The panel 

**t 16 has 2400 data bus lines, and thus each of the 

^rj blocks 46A - 46D is connected to respective 600 data 

\U bus lines. Hence, the write operation is repeated 

v - y eight times in each of the blocks 46A - 46D. That 

25 is, the number of write times in the present 

invention is one fourth of that of the prior art. 

A description will now be given of a first 
embodiment of the present invention with reference 
to Fig. 6, in which parts that are the same as those 
30 shown in the previously described figures are given 
the same reference numbers. The display signal 62 
is supplied from a driver IC device 76, which is 
called a TAB (Tape Automated Bonding) IC device. 

A data driver 70 includes four blocks 72A 
35 - 72D, which respectively have shift registers 48A - 
48D, level shifter 50A - SOD, groups 75A - 75D of 
display signal lines extending from the driver IC 
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device 76, and the analog switch units 66 each 
having 600 analog switches. The driver IC device 76 
is supplied with a display signal supplied from a 
display signal supply device 114, which will be 
5 described in detail with reference to Figs. 11 and 
12. 

Fig. 7 shows a structure of the block 72A. 
The display signals Dl - D75 are supplied to the 
display signal lines 74A from the corresponding 

10 output terminals of the driver IC device 76. The 
start signal DS1 and the clock signals DCLK1 and 
DCLK2 are applied to the shift register 48A via a 
level shifter 50A of the block 72A. These control 
signals are commonly applied to the other blocks 72B 

15 - 72D. Then, the shift register 48A operates a 
shift operation. The 75 analog switches of the 
analog switch unit 66 associated with input 
terminals Rl - B25 of the panel 16 are 
simultaneously turned on, and the display signals Dl 

20 - D75 are supplied to the panel 16 over a 75-bit 

data bus 68A via the analog switches. At this time, 
each of the other blocks 72B, 72C and 72D is 
supplied with the respective display signal having 
signals Dl - D75. Further, the first 75 analog 

25 switches in each of the blocks 72B - 72D are turned 
on by the respective shift registers 48B, 48C and 
48D. Thus, the display signals Dl - D75 in each of 
the blocks 72B, 72C and 72D are simultaneously 
written into the panel 16. Hence, 300 bits of 

30 display data are simultaneously written into the 
panel 16. During the above write operation, the 
first scanning line is driven by the shift register 
32 via the buffer 34. 

Then, the next display signals Dl - D75 

35 are supplied to the blocks 72A - 72D, while the 

shift registers 48A - 48D shifts the start pulses 
applied thereto by one step. Hence, the next 75 



analog switches are selected in each of the blocks 
72A - 72D, and the display signals Dl - D75 are 
written into the panel simultaneously. 

The above operation is repeated eight 
5 times so that the 2400 bits of the display signal 
are written into the pixels of the panel 16 related 
to the first scanning line. 

Fig. 8 is a block diagram of the driver IC 
device 76. As shown in Fig. 8, the driver IC device 
10 76 includes a shift register 80, eight-bit digital 
latch circuits 88, eight-bit digital latch circuits 
92, and D/A ( Digital- to-Analog ) converters 94. The 
shift register 80 shifts a start pulse SP in 
synchronism with a clock signal CLK. Each of pulse 
15 signals by shifting the start pulse is applied to a 
respective group of three eight -bit digital latch 
circuits 88. 

NEight-bit signals 86A, 86B and 86C are 
applied to \he respective eight-bit digital latch 
20 circuits of rhe same group from the display signal 

supply device isl4. The signal 86A consists of eight 
bits of display data R. The signal 86B consists of 
eight bits of display data B. The signal 86C 
consists of eight brts of display data C. The three 
25 latch circuits 88 of xshe same group are supplied 

with the shift pulse frW the shift register 80 and 
simultaneously latch the height -bit signals 86A - 86C, 
respectively. Then, the next three latch circuits 
88 of the same group are supplied with the shift 
30 pulse from the shift register^) and simultaneously 
the eight-bit signals 86A - 86c\ respectively . In 
the above manner, the digital eight -bit latch 
circuits 88 are sequentially selected every three 
ones. When all the 300 latch circurts 88 have 
35 latched the corresponding eight-bit d\gital signals, 
a latch enable signal LE is applied to\he digital 
eight-bit latch circuits 92, which simultaneously 
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latch the eight-bit display signals from the 
corresponding latch circuits 88. 

Then, the digital eight-bit signals are 
output from the latch circuits 92 and are converted 
5 into analog signals by the D/A converters 94. Hence, 
300 display signals Rl - B100 are output from the 
driver IC derive 76. The first, second, third and 
fourth 75 display signals are respectively supplied, 
as the display signals Dl - D75, to the shift 
10 registers 48A, 48B, 48C and 48D of the blocks 72A, 
72B, 72C and 72D. 

Fig. 9 shows a structure of the display 
signal supply device 114. With regard to a red 
signal externally supplied, the display signal 
15 supply device 114 includes input switches warl, wbrl, 
wcrl and wdrl, a group 100 of four FIFO memories, 
and output switches rarl, rbrl , rcrl and rdrl . The 
output terminals of the switches are connected 
together, via which the display signal 86A is output. 
20 With regard to a green signal externally supplied, 
the display signal supply device 114 includes input 
switches wagl, wbgl, wcgl and wdgl, a group 101 of 
four FIFO memories, and output switches ragl, rbgl, 
rcgl and rdgl . The output terminals of the switches 
25 are connected together, and the display signal 86B 
is output via these terminals. With regard to a 
blue signal supplied, the display signal supply 
device 114 includes input switches wabl, wbbl, wcbl 
and wdbl, a group 102 of FIFO memories, and output 
30 switches rabl, rbbl, rcbl and rdbl. The output 

terminals of the switches are connected together, 
and the display signal 86C is output via these 
output terminals. 

The group 100 of FIFO memories handles 800 
35 bits Rl - R800 of the read signal. Similarly, the 
group 101 of FIFO memories handles 800 bits Gl - 
G800 of the green signal, and the group 102 of FIFO 
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memories handles 800 bits Bl - B800 of the blue 
signal. Each of the group 100 of FIFO memories has 
200 bits. That is, the four FIFO memories of the 
group 100 handle Rl - R200, R201 - R400, R401 - R600 
5 and R601 - R800. The other groups 101 and 102 are 
configured in the same manner as the group 100. 

Fig. 10 is a timing chart of an operation 
of the display signal supply device 114. Display 
data equal to one horizontal period is divided into 

10 four blocks. Since one horizontal period includes 

800 pixels, display data are written into the groups 
of FIFO memories every 200 bits. A horizontal 
synchronizing signal HSYNC applied to the display 
signal supply device 114 resets all the FIFO 

15 memories shown in Fig. 9, which operate in 

synchronism with the clock signal CLK externally 
supplied thereto. 

A select signal wa having a period equal 
to 200 pixels or bits is applied to the switches 

20 warl, wagl and wabl of the groups 100, 101 and 102. 
Hence, display data R0 - R200, Gl - G200 and Bl - 
B200 are respectively written into the first FIFO 
memories of the groups 100, 101 and 102. Next, a 
select signal wb having a period equal to 200 bits 

25 is applied to the switches wbrl, wbgl and wbbl. 

Hence, display data R201 - R400, G201 - G400 and 
B201 - B400 are respectively written into the second 
FIFO memories of the groups 100, 101 and 102. Then, 
a select signal wc having a period equal to 200 bits 

30 is applied to the switches wcrl, wcgl and wcbl . 

Hence, display data R401 - R600, G401 - G600 and 
B401 - B600 are respectively written into the third 
FIFO memories of the groups 100, 101 and 102. 
Finally, a select signal wd having a period equal to 

35 200 bits is applied to the switches wdrl , wdgl and 
wdbl. Hence, display data R601 - R800, G601 - G800 
and B601 - B800 are respectively written into the 
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fourth FIFO memories of the groups 100, 101 and 102. 

The display data R0 - R800, GO - G800 and 
BO - B800 are read from the FIFO memories via the 
output switches controlled by select signals ra, rb, 
5 rc and rd which are serially activated at different 
timings in this order. The first select signal ra 
is activated in response to the start pulse SP . The 
select signal ra having a period equal to 25 bits is 
applied to the output switches rarl, ragl and rabl 
10 twice while the select signal wa equal to 200 bits 

is active. Similarly, each of the select signals wb, 
wc and wd is applied to the corresponding output 
switches twice during the period of the select 
signal wa. 

15 For example, each time the select signal 

ra is applied to the output switches rarl, ragl and 
rabl, 25 bits of the red signal, 25 bits of the 
green signal, and 25 bits of the blue signal are 
output to the driver IC device 76 from the groups 

20 100, 101 and 102. These 25-bit red, green and blue 
signals are the signals stored in the FIFO memories 
in the previous cycle. 

Similarly, the select signals rb, rc and 
rd are serially applied and corresponding red, green 

25 and blue signals are read from the FIFO memories. 

Hence, when the select signals ra, rb, rc and rd are 
respectively applied once, 300 bits of display data 
are supplied to the driver IC device 76, and are 
written into the digital eight-bit latch circuits 88 

30 shown in Fig. 8. 

\After the select signal rd is applied, the 
latch enable signal LE is activated, and the 300 
bits of display data latched in the circuit 88 are 
latched in the^digital eight-bit latch circuits 92 

35 shown in Fig. 8 /\ When the latch enable signal LE is 
high and active, a\l the output select signals ra - 
rd are low and is thKs inactive. This is intended 
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t\> satisfy that the general driver IC device 76 is 
required to inhibit the device 76 from latching next 
datavfor a given time equal to, for example, 5 
clocks* while the previous data is output. 
5 As shown in Fig. 11, the driver IC device 

76 and the display signal supply device 114 are 
connected by a flexible cable 112 having a plurality 
of interconnection lines 112a. A reference number 
119 indicates the liquid crystal display device, 

10 which is supplied with a vertical synchronizing 
signal VSYNC in addition to the aforementioned 
digital display signals R, G and B and the 
horizontal synchronizing signal HSYNC. 

Fig. 12 is a block diagram of the display 

15 signal supply device 114. As shown in Fig. 12, the 
display signal supply device 114 includes a display 
signal supply circuit 115 and a timing circuit 116. 
The timing circuit 116 generates, from the 
horizontal and vertical synchronizing signals 117 

20 externally supplied, the select signals applied to 
the input and output switches of the circuit 115 
shown in Fig. 9, the start signals SP, DS1 and GS1, 
and the clock signals CLK , DCLK1, DCLK2 , GCLK1 and 
GCLK2 , and the latch enable signal LE. These 

25 signals are transferred to the driver IC device 76 
via the flexible cable 112. 

Fig. 13 is a block diagram of a liquid 
crystal display device according to a second 
embodiment of the present invention. In Fig. 13, 

30 parts that are the same as those shown in the 

previously described figures are given the same 
reference numbers . The liquid crystal display 
device shown in Fig. 13 employs two driver IC 
devices 124 and 126. 

3 5 The data driver of the device shown in Fig. 

13 is divided into four blocks 122A - 122D, as in 
the case of the first embodiment of the present 



invention. The four blocks 122A - 122D are the same 
as the four blocks 72A - 72D shown in Fig. 6 
although the positions of some circuits are 
different from those shown in Fig. 6. 
5 The driver IC device 124 is supplied with 

display data equal to two blocks from a display data 
supply device 114A (which will be described later), 
and the driver IC device 126 is supplied with 
display data equal to two blocks therefrom. The 

10 driver IC device 124 supplies the display signals Dl 
- D75 to the display signal lines 74A and the 
display signals Dl - D75 to the display signal lines 
74B. Similarly, the driver IC device 126 supplies 
display signals Dl - D75 to the display signal lines 

15 74C and the display signals Dl - D75 to the display 
signal lines 74D. Then, the blocks 122A - 122D 
operate in the same manner as the blocks 72A - 72D. 

Fig. 14 is a block diagram of the display 
data supply circuit 114A to which the two driver IC 

20 devices 124 and 126 are connected. The display data 
supply circuit 114A has the same input and output 
switches and the FIFO memories as those of the 
circuit 114. However, the output terminals of the 
output switches are connected in a different manner 

25 as that of those in the circuit 114. More 

particularly, the output terminals of the output 
switches rarl and rbrl are connected together and to 
the driver IC device 124, and the output terminals 
of the output switches rcrl and rdrl are connected 

30 together and to the driver IC device 126. The 

output terminals of the output switches ragl and 
rbgl are connected together and to the driver IC 
device 124, and the output terminals of the output 
switches rcgl and rdgl are connected together and to 

3 5 the driver IC device 126. The output terminals of 
the output switches rabl and rbbl are connected 
together and to the driver IC device 124. The 
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output terminals of the output switches rcbl and 
rdbl are connected together and to the driver IC 
device 126 . 

Fig. 15 is a timing chart of an operation 
5 of the display signal supply device 114A shown in 
Fig. 14. As shown in Fig. 15, the input switches 
warl , wbrl, wcrl and wdrl, wagl, wbgl, wcgl and wdgl, 
and wabl, wbbl, wcbl and wdbl are controlled in the 
same manner as those of the display signal supply 
10 device 114. In contrast, the output switches of the 
device 114A are controlled in a way different from 
that for the output switches of the device 114. 
More particularly, the select signals ra and rc are 
^ simultaneously activated and are applied to the 

j 15 corresponding output switches. Hence, Rl - R25, Gl 

■j - G25 and Bl - B25 are supplied to the driver IC 

J device 124, and simultaneously R401 - R425, G401 - 

I G425 and B401 - B425 are supplied to the driver IC 

device 126. Then, the select signals rb and rd are 
j 20 simultaneously activated and are applied to the 

: corresponding output switches. Hence, R201 - R225, 

I G201 - G225 and B201 - B225 are supplied to the 

I driver IC device 124, and simultaneously R601 - R625, 

- G601 - G625 and B601 - B625 are supplied to the 

25 driver IC device 126. Then, the latch enable signal 
LE is activated, so that Rl - R25, Gl - G25 and Bl - 
B25 and R201 - R225, G201 - G225 and B201 - B225 are 
output from the driver IC device 124, and 
simultaneously R401 - R425, G401 - G425 and B401 - 
30 B425 are output from the driver IC device 126. That 
is, the 300 display signals in total are applied to 
the panel 16. 

The above-mentioned operation is repeated 
eight times as shown in Fig. 15, so that the 2400 
35 display signals (300 x 8) are supplied to the panel 
during one horizontal period and are displayed. 

In Fig. 13, the display signal lines 74A 



and 74B extend from the driver IC device 124 
straight and pass through an interface area between 
the adjacent blocks 122A and 122B. Similarly, the 
display signal lines 74C and 74D extend from the 
5 driver IC device 126 straight and pass through an 
interface area between the adjacent blocks 122C and 
122D. Hence, as compared to the arrangement shown 
in Fig. 6, the area for routing and arranging the 
display signal lines can be reduced by, for example, 
10 1.5 nun. In addition, the lengths of the display 

signal lines extending from the driver IC device can 
be reduced. 

f=b Fig. 16 shows a liquid crystal display 

v3 device according to a third embodiment of the 

a: : 

l J* 15 present invention, in which parts that are the same 

Ci as those in the previously described figures are 

ly given the same reference numbers. The device shown 

™ in Fig. 16 does not use any driver IC devices but 

H uses an on-panel digital driver 134 that is formed 

W 20 on the panel 16. 

lu The device shown in Fig. 16 has a data 

~~4 driver 121, which is divided into four blocks 122A - 

4f 122D, which are connected to the on-panel digital 

driver 134. The digital driver 134 corresponds to 
25 the combination of the driver IC devices 124 and 126. 

That is, the digital driver 134 operates as shown in 

Fig. 15. 

According to the third embodiment of the 
present invention, the peripheral circuits of the 

30 panel 16 including the on-panel digital driver 134 
are formed on the panel, so that the number of 
connecting points can be reduced and down sizing of 
the device can be facilitated. 

Fig. 17 shows a liquid crystal display 

35 device according to a fourth embodiment of the 

present invention, which has four blocks 170A - 170D, 
which have six display signal lines 166A, 166B, 166C 
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and 166D. In Fig. 17, parts that are the same as 
those shown in the previously described figures are 
given the same reference numbers. 

The blocks 170A - 170D respectively have 
5 shift registers 48A - 48D, the level shifters 50A - 
SOD, the display signal lines 166A - 166D and the 
analog switches 164, which switches are connected to 
the display panel 16. The shift registers 48A - 48B 
can be supplied with the display signals from one or 

10 a plurality of driver IC devices or the on-panel 

digital driver. The first through third embodiments 
of the present invention have the display signal 
lines provided to the respective display signals. 
In contrast, according to the fourth embodiment of 

15 the present invention, each of the six display 

signal lines is shared by a plurality of display 
signals in order to reduce the number of display 
signal lines. 

In operation, 24 pieces of display data (6 

20 display digital lines x 4 blocks) are supplied to 

the driver IC device or the on-panel digital driver. 
For example, display data directed to the block 170A 
are "R1G1B1R2G2B2 " . Then, in response to the latch 
enable signal LE (an illustration thereof is omitted 

25 in Fig 17), every six ones of the 24 display signals 
162 are simultaneously supplied to the respective 
one of the display signal lines 166A - 166D of the 
respective blocks 170A - 170D. For example, the six 
display signal lines 166A of the block 170A are 

30 supplied with the display signals Rl, Gl , Bl, R2 , G2 , 
and B2 . Then, the first six analog switches 164 are 
turned on, and the above display signals are 
supplied to the panel 16. 

Similarly, every six one of the next 24 

35 display signals subsequent to the first 24 display 
signals are supplied from the driver IC device or 
the on-panel digital driver to the respective one of 
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the display signal lines 166A - 166D. For example, 
the six display lines 166A of the block 170A are 
supplied with the display signals R3, G3 , B3, R4 , G4 
and B4 . In this manner, the 100 display signals are 
5 written onto one display line in each of the blocks 
170A - 170D. Hence, the blocks 170A - 170D operate 
in synchronism with each other, and the 600 display 
signals are supplied to the panel in each of the 
blocks 170A - 170D. Thus, the shift registers 48A - 
10 48D can commonly use the start pulse DS1 and the 
clock signals DCLK1 and DCLK2. 

The fourth embodiment of the present 
invention uses only six display signal lines, and 
can be miniaturized. For example, the width of an 
15 area for accommodating the six display signal lines 
166A can be reduced to approximately 0.6 mm. 

Fig. 18 is a circuit diagram of one of the 
eight-bit latch circuits 92 used in the 
configuration shown in Fig. 8. The eight -bit latch 
20 circuits 88 also used in the configuration shown in 
Fig. 8 are configured in the same manner as the 
circuits 92. The eight-bit latch circuit shown in 
Fig. 18 includes gate switches 136, capacitors 137, 
and two-stage inverter circuits 138. The gates of 
25 the gate switches 136 are supplied with the latch 
enable signal LE . Each of the capacitors 137 is 
charged when the corresponding input signal is high 
and the corresponding gate switch 136 is ON. The 
inverters 138 of the first stage are controlled by 
30 the states of the corresponding capacitors 137. 

Hence, a power supply voltage VDD or ground voltage 
is output via the respective output terminals of the 
eight-bit latch circuit 92 in accordance with the 
corresponding input signals. In the eight-bit latch 
35 circuits 88, the latch enable signal LE is supplied 
from the shift register 80 shown in Fig. 8. 

F4rg-i — 18 -Ls a c^htCLr T L dxagram -of oa-G h-af • 
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:he D/A converters 94, which converts the eight-bit 

.gital signal into a corresponding analog signal. 
TheyD/A converter 94 includes transistors 140 - 140 
whick implement resistors of different resistance 
5 valuesS, and gate transistors 150 - 157, The 

transistors 140 - 147 have different channel widths 
WO - W7 , Vhich realize the different resistance 
values . For example , the channel width WO is the 
shortest, and the channel width W7 is the longest. 
10 The drains of\the transistors 140 - 147 are supplied 
with the poweA supply voltage VDD . The gates of the 
transistors 140V- 147 are supplied with a high-level 
bias signal, so tshat all the transistors 140 - 147 
are ON. The sources of the transistors 140 - 147 
15 are connected to thei drains of the transistors 150 - 
157. The gates of trte transistors 150 - 157 are 
supplied with the respective bits of the eight-bit 
digital input signal, and the sources thereof are 
grounded via a resistor R\and are connected to an 
20 output terminal 160. The current flowing in the 

resistor R depends on which transistors are turned 
on in response to the eight -bi\ digital input signal, 
The voltage of the end of the resistor Rl depends on 
the magnitude of the current flow\ng in the resistor 
25__R— ^ 

Fig. 20 is a cross-sectional view of the 
display panel 16 and shows one pixel formed thereon. 
A polysilicon layer 182 serving as an active layer 
is formed on a glass substrate 180. An Si02 layer 

30 184 is formed on the polysilicon layer 182 as a gate 
insulating film. A polysilicon layer 186 is formed 
on the Si02 layer 184. An insulating layer 188 is 
provided by a reflow process, and contact holes 196 
and 198 are formed in the insulating layer 188 by a 

35 photolithography and dry etching process. Then, 
polysilicon doped with phosphorus or the like is 
deposited and patterned into a source electrode 192 
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and a drain electrode 194. Then, an insulating film 
200 is subjected to a reflow process so that a 
protection film is formed. A polysilicon transistor 
thus formed can be applied to all transistors formed 
5 on the panel 16. For example, the data drivers can 
be formed by polysilicon transistors. 



the specifically disclosed embodiments, and 
variations and modifications may be made without 
10 departing from the scope of the present invention. 



The present invention is not limited to 



